Multidrug-resistant Acinetobacter baumannii, a common pathogen responsible for nosocomial infections, is the main cause for outbreaks of infectious diseases, such as pneumonia, meningitis, and bacteremia, especially among critically ill patients. Epidemic A. baumannii is a growing public health concern as it is resistant to all existing antimicrobial agents, thereby necessitating the development of new therapeutic approaches to mount an effective immune response against this bacterial pathogen. In this study, we identified a critical role for type I interferon (IFN) in epigenetic regulation during A. baumannii infection and established a central role for it in multiple cell death pathways. A. baumannii infection induced mixed cell death constituted of apoptosis, pyroptosis, and necroptosis. Mechanically, A. baumannii triggered TRIF-dependent type I IFN production, which in turn induced the expression of genes Zbp1, Mlkl, caspase-11, and Gsdmd via KAT2B-mediated and P300-mediated H3K27ac modification, leading to NLRP3 inflammasome activation, and potentially contributed to GSDMD-mediated pyroptosis and MLKL-dependent necroptosis. Our study offers novel insights into the mechanisms of type I IFN and provides potential therapeutic targets for infectious and inflammatory diseases.
Introduction
Acinetobacter baumannii is a rod-shaped, Gram-negative, nosocomial bacterium that generally affects individuals with compromised immune function. Multidrug-resistant (MDR) A. baumannii has been recognized as a major global public health threat because it is resistant to all commonly used antibiotics and was listed in the Bad Bugs, No Drugs Campaign by the Infectious Diseases Society of America [1] [2] [3] . Thus, it is essential to comprehensively understand the pathogenesis of MDR A. baumannii and host immune responses.
Type I interferons (IFNs) are a group of IFN proteins that are critical for calibrating host defense against viral and bacterial infections while attenuating tissue damage and preventing autoimmunity. Canonical type I IFN signaling activates the Janus kinase-signal transducer and activator of transcription (JAK-STAT) pathway, leading to expression of IFN-stimulated genes (ISGs), including classical antiviral and pro-inflammatory genes [4] . Type I IFNs protect host defense against acute viral infections. However, the role of type I IFNs in bacterial infections remains unclear [5] [6] [7] . Mice lacking the type I IFN receptor exhibit increased susceptibility to Streptococcus pyogenes and Helicobacter pylori infections [8, 9] . In contrast, during Brucella abortus, Francisella novicida, Listeria monocytogenes, Salmonella Typhimurium, and Mycobacterium tuberculosis infections, type I IFN impairs host control of bacterial growth by modulating distinct cellular processes and immune responses [10] [11] [12] [13] [14] .
Host cell death is an intrinsic cell defense mechanism during bacterial infection. Recent studies have conclusively demonstrated that the necroptotic and pyroptotic cell death pathways are crucial for the release and action of inflammatory cytokines [15, 16] . Likewise, activation of type I IFNdependent noncanonical NLRP3 and AIM2 inflammasomes and subsequent pyroptotic cell death play critical roles in host defense against Escherichia coli and F. novicida infection, respectively [17, 18] . In addition, type I IFN also modulates apoptosis and necroptosis in response to L. monocytogenes and S. Typhimurium infection [12, 19] . Despite advances in the study of type I IFN and cell death in infectious diseases, the mechanisms underlying the production of type I IFNs and their function in host defense against MDR bacteria, such as epidemic MDR A. baumannii remain to be elucidated.
Herein, we identified a protective role for type I IFNs in host defense against MDR A. baumannii infection. A. baumannii infection triggered multiple cell death pathways, such as apoptosis and two inflammatory programmed cell death including necroptosis and pyroptosis. Genetic deletion of IFN-alpha receptor (IFNAR)-inhibited TIR domaincontaining adapter-inducing IFN-β (TRIF)-mediated activation of NLRP3 inflammasome, pyroptosis, and necroptosis in response to MDR A. baumannii infection. Type I IFN epigenetically regulated the expression of key mediators of cell death pathways through modulating the expression of Kat2b and P300, which are crucial for acetylation of histone H3 Lysine 27 (H3K27Ac). Thus, our study reports a novel mechanism through which type I IFN induces necroptosis and pyroptosis, which provides insight of type I IFN highly relevant to infectious and inflammatory diseases and potential targets for modulating type I IFN signaling during A. baumannii infection.
Results

Type I IFN plays protective roles in host defense against A. baumannii infection
The engagement of pathogen-associated molecular patterns derived from extracellular and intracellular bacterial pathogens and various membrane or cytosolic pattern recognition receptors can trigger robust type I IFN production through diverse pathways. During A. baumannii infection, the expression of Ifnb and inducible gene Cxcl9, and genes that are encoding proinflammatory cytokines including Il1a, Il6, and Tnfa were significantly induced in wild-type (WT) primary bone marrow-derived macrophages (BMDMs) but not in
primary BMDMs (Fig. 1a) . Consistently, the production of IFN-β, TNF-α, IL-1α, and IL-6 induced by A. baumannii infection was diminished in Ifnar −/− and Irf3 −/− /Irf7 −/− BMDMs (Fig. 1b) , indicating that IRF3 and IRF7 play integral roles in the production of type I IFN and cytokines during A. baumannii infection. Moreover, Ifnb expression was not dependent on IL-1α or IL-1β during A. baumannii infection (Supplementary Figure S1) . To examine the role of type I IFN in host defense against A. baumannii infection, WT mice and mice deficient in type I IFN receptor or IRF3 and IRF7 were intranasally administered with A. baumannii, and bacterial burden in the lungs and systemic organs was measured 2 days after infection. Bacterial loads in the lungs and spleens of WT mice were significantly lower than those in Ifnar −/− and Irf3 −/− Irf7 −/− mice, though bacterial loads in the liver were comparable between both groups (Fig. 1c) . In line with this data, the disease symptoms of Ifnar −/− mice infected with A. baumannii were more severe than that of WT mice at 6-10 h after infection (Fig. 1d) . These results suggest that type I IFN plays protective roles in host defense against A. baumannii infection. High immune cell infiltration and inflammatory cytokine production can reduce bacterial burden. Thus, we analyzed immune cell infiltration in the lungs of mice. Immune cell infiltration and airway smooth muscle hypertrophy were significantly higher in lungs of WT mice than in lungs of Ifnar −/− after infection (Fig. 1e) . In contrast, bacterial burden was higher in the airways of lungs of Ifnar −/− mice than those of WT mice (Fig. 1e) . Consistent with the observation of more inflammation in WT mice than in Ifnar −/− mice, expression of Ifnb, Cxcl9, and pro-inflammatory cytokine genes, such as Il6, Tnfa, Il1a, and Cxcl1 was significantly higher in lungs of WT mice than those of Ifnar −/− mice after infection (Fig. 1f) . In addition, the production of IFN-β, TNF-α, IL-1α, and IL-6 in mice induced by A. baumannii infection was substantially reduced in the absence of IFNAR (Fig. 1g) . Taken together, these findings indicate that the type I IFN-mediated inflammatory response positively affects host defense against A. baumannii infection.
A. baumannii infection induces activation of multiple cell death pathways
Cell death pathways, in particular the necroptotic and pyroptotic cell death are crucial for the release and action of mice. Arrow and arrowhead indicate thick airway muscle and bacteria, respectively. Triangle indicates immune cell infiltration. f The expression of Ifnb, Cxcl9, Tnfa, Il6, Cxcl1, and Il1a was analyzed in WT and Ifnar −/− lungs at day 2 after infection and uninfected lungs by quantitative RT-PCR. g The production of IFN-β, TNF-α, IL-1α, and IL-6 in WT and Ifnar −/− lungs at day 2 after infection and uninfected lungs by ELISA. Data are representative of three independent experiments for a and b, and two independent experiments for c-g. Scale bars, 50 μm. Data are means ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001; ns, not significant inflammatory cytokines. The maturation of caspase-3 and caspase-1 were key events for inducing apoptosis and pyroptosis, respectively [16, 20] . Necroptosis was mediated by the activation of receptor interacting protein kinase 1 (RIPK1) and RIPK3 upstream of the executor for necroptosis-mixed lineage kinase domain-like protein (MLKL) [21] . To examine which kind of cell death was induced during A. baumannii infection, we performed WT BMDMs infected with A. baumannii and examined the cell death in the absence or presence of different inhibitors treatments, which can block the various cell death pathways including apoptosis, pyroptosis, and necroptosis. Notably, the level of apoptosis labeled by caspase-3 cleavage induced by A. baumannii infection was inhibited by caspase inhibitor zVAD, but not by inhibitors with blocking the activity of RIPK1, RIPK3, MLKL, or caspase-1 (Fig. 2a) .
A. baumannii infection also induced the hallmarks of pyroptosis-caspase-1 activation and the subsequent release of caspase-1 substrate IL-1β, which were inhibited in the presence of caspase-1 inhibitor but not other inhibitors (Fig. 2b, c) . To determine whether A. baumannii infection can induce necroptosis, we performed flow cytometry analysis using propidium iodide (PI) and annexin V staining, and lactate dehydrogenase (LDH) release analysis for the WT BMDMs infected with A. baumannii in the presence of different inhibitors treatments. Strikingly, RIPK1, RIPK3, and MLKL inhibitors reduced the percentage of cell population double positive for PI and annexin V staining compared with control (Fig. 2d, e) . Consistently, the cell death reduced by RIPK1, RIPK3, and MLKL inhibitors was also confirmed by LDH release (Fig. 2f) Data are representative of three independent experiments. Data are means ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001. SN supernatant, CL cell lysate death constituted of apoptosis, pyroptosis, and necroptosis. However, which kind of cell death happened first and the connection between these cell death events or whether all these different cell death pathways were triggered in one and the same cell by A. baumannii infection need to be examined by single-cell analysis.
Apoptosis, necroptosis, and pyroptosis are attenuated in the absence of IFNAR during A. baumannii infection
To examine whether the pyroptosis mediated by inflammasome activation was affected by IFNAR during A. baumannii infection, we analyzed caspase-1 activation in infected liver tissue samples of WT and Ifnar −/− mice.
Activation of caspase-1 was impaired in the absence of IFNAR after 2 days of infection (Fig. 3a) . Consistent with this data, two hallmarks of pyroptosis-the activation of caspase-1 and the subsequent release of caspase-1 substrate IL-1β-were lower in Ifnar −/− BMDMs than those in WT BMDMs during A. baumannii infection (Fig. 3b) . Genes stimulated by type I IFN have been reported to be mediators of apoptosis, having pleiotropic anti-tumor and anti-viral effects [22] . In line with this finding, we observed that activation of apoptotic caspase-3 was abolished in Ifnar 
A. baumannii infection induces TRIF-IFN-I-mediated activation of NLRP3 inflammasome
Inflammasome is a key component of cytosolic surveillance during bacterial infection. Type I IFN is required for activation of AIM2 and NLRP3 inflammasomes induced by F. novicida and E. coli infection [17, 18, 23] . Furthermore, type I IFN-mediated activation of NLRP3 inflammasome is dependent on TRIF, whereas activation of AIM2 inflammasome is dependent on the cyclic GMP-AMP synthase-STING axis [18, 24, 25] . Thus, we investigated whether activation of AIM2 or NLRP3 inflammasome is triggered by A. baumannii infection. WT and Trif
−/−
BMDMs were infected with A. baumannii, and the expression of type I IFN was analyzed. Notably, the expression of Ifnb and Cxcl9 was completely dependent on TRIF, whereas that of Tnfa and Il1a was partially dependent on TRIF during A. baumannii infection (Fig. 4a) . In line with this data, the production of IFN-β, TNF-α, IL-1α, and IL-6 was impaired in Trif −/− BMDMs compared with WT BMDMs during A. baumannii infection (Fig. 4b) . Of note, Western blot using anti-caspase-1 antibody and ELISA measurement of IL-1β secretion revealed that TRIF was required for inflammasome activation induced by A. baumannii (Fig. 4c) . Consistent with a very recent report [26] , caspase-1 activation and IL-1β secretion were completely dependent on NLRP3 inflammasome in response to A. baumannii infection (Fig. 4d) . In contrast, caspase-1 activation and IL-1β secretion were comparable between WT and Aim2 −/− BMDMs (Fig. 4e) . Taken together, these results indicate that the TRIF-IFN-I-NLRP3 axis is essential for inflammasome activation in response to A. baumannii infection.
Type I IFN controls the transcription of key mediators of necroptosis and pyroptosis pathways
In addition to its well-described role in the apoptotic cell death pathway [22] , type I IFN mediates necroptosis by regulating the activity of RIPK3 upstream of the executor for necroptosis-MLKL during bacterial infection; however, the direct interaction between IFNAR and RIPK3 has not been confirmed [12, 21] . Z DNA-binding protein 1 (ZBP1, also called DAI/DLM-1), which was initially recognized as a cytosolic DNA sensor that increases DNA-mediated induction of type I IFN [27] , was recently identified as a key mediator of the necroptosis pathway by preventing RIPK1 from RIPK3-MLKL-dependent necroptosis during development, skin inflammation, and certain viral infections [28] [29] [30] [31] . However, the upstream signal that drives ZBP1 activation and the ZBP1-RIPK3 interaction remains unclear [31] . Pyroptosis, another form of inflammatory programmed necrotic cell death, was recently defined mediated by gasdermin family members. Gasdermin D (GSDMD) functions downstream of caspases-1 and caspases-11 to execute pyroptosis through pore formation on the membrane [32] [33] [34] [35] . It is not known whether type I IFN also controls necroptosis and pyroptosis through additional mechanisms in response to A. baumannii infection. To determine this, we performed qPCR analysis for key mediators of the necroptosis and pyroptosis in infected liver samples from WT and Ifnar −/− mice. Interestingly, expression of Zbp1, Mlkl, caspase-11, and Gsdmd but not of Nlrp3 was markedly lower in samples from infected Ifnar −/− mice than those from WT mice (Fig. 5a ). To confirm this result, we analyzed the expression of these genes in primary BMDMs. IFNAR-mediated histone modifications modulates the expression of Zbp1, Mlkl, caspase-11, and Gsdmd Bacterial infection can regulate host gene expression through epigenetic mechanisms [37] . Histone acetylation or deacetylation is an important chromatin modification induced by the activation of host cell signaling triggered by bacterial components. However, little is known about how signaling cascades in host cells modulate the expression of immunologically relevant genes via epigenetic pathways during pathogenic infection. Two histone modification marks, H3K27ac and H3K4me3, are generally positively associated with gene activation, and H3K27ac appears to be the most dynamic mark in response to external stimuli [38] . 
baumannii (MOI 50) for 12 h (left) and stimulated with LPS and ATP for 4 h (right).
e Immunoblot analysis of caspase-1 (Casp-1) and its subunit P20 and analysis of IL-1β release in WT and Aim2 −/− BMDMs infected with A. baumannii (MOI 50) for 12 h. Data are representative of three independent experiments and are means ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001; ns not significant. Med uninfected, A. bau A. baumannii infected, SN supernatant, CL cell lysate, L + A LPS and ATP treatment
The level of H3K27ac in WT BMDMs was increased during A. baumannii infection, whereas IFNAR deficiency diminished the induction of H3K27ac triggered by A. baumannii infection (Fig. 6a) BMDMs. Based on the ENCODE data crossing different mouse cell lines and tissues [39] , ChIP-sequencing signalrich regions in Zbp1, Mlkl, caspase-11, and Gsdmd promoters were selected for ChIP-qPCR analysis ( Fig. 6b; and Supplementary Figures S3-S6 ). Remarkably, ChIP-qPCR revealed that the occupancy of H3K27ac on Zbp1 and caspase-11 promoters increased in WT BMDMs but decreased in Ifnar −/− BMDMs in response to A. baumannii infection (Fig. 6c) . In contrast, A. baumannii infection did not substantially affect the occupancy of H3K27ac on the Mlkl or Gsdmd promoter in WT BMDMs (Fig. 6c) . However, the occupancy of H3K27ac on Mlkl and Gsdmd promoters in Ifnar −/− BMDMs was markedly reduced during infection (Fig. 6c) . Overall, A. baumannii infection led to reduced occupancy of H3K27ac on Zbp1, Mlkl, caspase-11, and Gsdmd promoters in Ifnar −/− BMDMs. Compared with H3K27ac, the binding of H3K4me3 to Zbp1, Mlkl, caspase-11, and Gsdmd promoters was largely constant in WT BMDMs, whereas the occupancy of H3K4me3 on Zbp1, Mlkl, caspase-11, and Gsdmd promoters was significantly decreased in Ifnar −/− BMDMs after A. baumannii infection (Fig. 6c) . Whereas the increased occupancy of H3K27ac on caspase-11 promoter and increased occupancy of H3K4me3 on Mlkl, caspase-11, and Gsdmd promoters in uninfected Ifnar −/− BMDMs compared with WT BMDMs were observed, the ratio analysis of the occupancy of H3K27ac and H3K4me3 in Ifnar −/− relative to WT BMDMs revealed that type I IFN was essential to maintain or increase the binding of these marks to Zbp1, Mlkl, caspase-11, and Gsdmd promoters during A. baumannii infection (Fig. 6d) . Collectively, these findings indicated that lower expression of Zbp1, Mlkl, caspase-11, and Gsdmd in Ifnar −/− BMDMs in response to A. baumannii infection might be due to decreased occupancy of H3K27ac on their promoters.
KAT2B and P300 are crucial for IFN-I-induced cell death during A. baumannii infection
H3K27ac levels are mainly maintained through promotion by acetyltransferases and inhibition by polycomb repressive complex 2 (PRC2), which contribute to chromatin compaction and catalyzes the methylation of histone H3K27 [40] [41] [42] . and are means ± SEM. *P < 0.05; **P < 0.01; ns not significant. Med uninfected, A.bau A. baumannii infected promote acetylates histone H3 lysine 27 and inhibit its trimethylation (H3K27me3) [43] . To define the mechanism by which IFN signaling regulates the occupation of H3K27ac on the promoters of Zbp1, Mlkl, caspase-11, and Gsdmd in response to A. baumannii infection, we first analyzed the expression of genes that encoding major acetyltransferases including KAT1 (HAT1), KAT2A, KAT2B, KAT3A (CBP), KAT3B (P300), and KAT4 (TAF1); the PRC2 compartments SUZ12, EED, and EZH2; and CBP-binding proteins BRM and UTX. Of note, the expression of encoding acetyltransferase genes Hat1, Kat2b, and P300 was induced in WT BMDMs by A. baumannii infection and the induction was diminished in Ifnar −/− and Irf3 −/− /Irf7 −/− BMDMs (Fig. 7a) . Figure S7) . This result suggests HAT1, KAT2B, and P300 might contribute to the type I IFN-dependent H3K27ac modification during A. baumannii infection. To further examine which acetyltransferase plays pivotal roles in modulating levels of H3K27ac on the promoters of Zbp1, Mlkl, caspase-11, and Gsdmd genes, we performed siRNA knockdown experiments for Hat1, Kat2b, and P300. Remarkably, the induced expression of Zbp1, Mlkl, caspase-11, and Gsdmd response to A. baumannii infection was significantly impaired in Kat2b and P300 knockdown BMDMs, but not in Hat1 knockdown BMDMs (Fig. 7b-d) . Consistently, the level of cell death measured by LDH release indicated that Kat2b and P300 knockdown significantly reduced the cell death triggered by A. baumannii infection (Fig. 7e) . Collectively, these results indicate type I IFN-dependent KAT2B and P300 contribute to the occupation of H3K27ac on the promoters of Zbp1, Mlkl, caspase-11, and Gsdmd, which in turn potentially contributes to their increased expression and cell death activation during A. baumannii infection.
Discussion
Host cell death is a double-edged sword for the survival of host and pathogenic bacteria. During bacterial infection, programmed cell death plays defensive roles, such as eliminating pathogens and promoting the secretion of inflammatory cytokines and alarm signals to activate host immune response. The understanding of inflammatory cell death pathways, in particular necroptosis and pyroptosis, has rapidly advanced over recent years. For example, it has been reported that ZBP1 mediates the activation of RIPK3-MLKL-mediated necroptosis, which plays critical roles in host cell necroptosis during development, inflammation, and IAV infection [29] [30] [31] . The protein encoded by Gsdmd gene was recently identified as the downstream target of caspases-1 and caspases-11, the maturation of which contributes to inflammasome-mediated pyroptosis [32, 33, 44] . Type I IFNs have been established as powerful immunomodulatory and antiviral cytokines, but their function in cell death is not well studied. Our study reveals that type I IFN-dependent cell death plays protective roles in host defense against A. baumannii infection. IFNAR deficiency protected cells from necroptosis and pyroptosis through impaired activation of NLRP3 inflammasome and reduced expression of key mediators of cell death pathways in response to A. baumannii infection (Supplementary Figure S8) .
Consistent with a previous study reporting TRIF-IFNAR-caspase-11 pathway-mediated activation of NLRP3 inflammasome induced by E. coli infection [18] , we found that TRIF was required for type I IFN production and IFNAR for caspase-11 transcription and autoactivation during A. baumannii infection. However, the cytosolic DNA-sensing AIM2 inflammasome was not activated in the presence of A. baumannii, and the expressions of Nlrp3 and Il1b were not dependent on IFNAR response to A. baumannii infection. These findings suggest that IFN-Imediated caspase-11 is essential for the activation of NLRP3 inflammasome triggered by A. baumannii infection. Further, cytoplasmic lipopolysaccharides derived from Gram-negative bacteria bind to caspase-11 and lead to its oligomerization and activation [45, 46] . We show that in addition to caspase-11, Gsdmd transcription is dependent on type I IFN signaling. Thus, our study reveals that type I IFN signaling has profound effects on GSDMD-dependent cell death. Whether other components derived from A. baumannii or host cell factors contribute to activation of the caspase-11 and NLRP3 inflammasome, and the requirement of type I IFN signaling for Gsdmd expression in other settings need further examination.
Previous studies demonstrated that IFN-I signaling is a key inducer of necroptosis. During Salmonella infection, host survival was enhanced in the absence of type I IFN signaling, which was attributed to impaired RIPK3-mediated necroptosis in macrophages [12] . Even though the persistent phosphorylation of RIPK3 maintained by the activation of IFN-stimulated gene factor 3 (ISGF3) was identified, the specific IFN-stimulated gene that mediates RIPK3 activation and necroptosis remained unknown [12, 47] . ZBP1 was conclusively established as the central mediator of RIPK3-MLKL-mediated necroptosis through a direct interaction with RIPK3, which led to RIPK3 autophosphorylation and MLKL-dependent necroptosis [30, 31] . Our finding of IFN-I-dependent Zbp1 expression in response to A. baumannii infection offers insights into understanding the mechanism underlying type I IFN-induced necroptosis. Zbp1 expression was also shown to depend on type I IFN during IAV infection [29] , suggesting that type I IFN-ZBP1 axismediated RIPK3-MLKL-dependent necroptosis is a common pathway activated during pathogenic infection. Further studies are required to identify the signals that activate ZBP1 during infection.
Recent studies highlight that bacteria can alter epigenetic marks and machineries of host cells to manipulate host cell function, which can either promote host defense or favor e LDH release analysis of A. baumannii (MOI 50) infected WT BMDMs transfected with Hat1 siRNA, Kat2b siRNA, or P300 siRNA for 6 h. Data are representative of three independent experiments and are means ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001; ns not significant. Med uninfected, A. bau A. baumannii infected, siCT siRNA control, siHat1 siRNA Hat1, siKat2b siRNA Kat2b, siP300 siRNA P300 persistent infection. Although type I IFN has been recognized as a powerful cytokine in the host defense mechanism, its role in epigenetic regulation during infection remains ill defined. We observed that the H3K27ac mark was more dynamic than the H3K4me3 mark during A. baumannii infection, which is consistent with a previous study reporting that H3K27ac is the most dynamic mark in response to external stimuli in macrophages [38] . Type I IFN contributed to the histone modification change of H3K27ac in response to infection. Zbp1 and caspase-11 have been considered as classical ISGs, suggesting that the expressions of Zbp1 and caspase-11 are spatiotemporally modulated by type I IFN signaling through both epigenetic regulation and ISGF3.
In summary, we provide an example of epigenetic changes regulating host cell death pathways during bacterial infection. How chromatin changes become localized at specific genomic regions and the fundamental role of type I IFN during bacterial infection are important questions that need to be answered. Our results highlight the importance of histone modifications in programmed cell death pathways during infection and present potential therapeutic targets for controlling bacterial infection and other type I IFNassociated diseases. 
Materials and methods
Mice
Bacterial culture and infection of mice
Clinical MDR A. baumannii strain (CN40) was isolated from blood of patient in the First Affiliated Hospital of Kunming Medical University (Kunming, China). A. baumannii was grown overnight with shaking in brain heart infusion (BHI) medium, sub-cultured for an additional 3-4 h, and resuspended in PBS. Eight to ten weeks old mice were administrated with 3.0 × 10 8 CFU of A. baumannii per mouse through intranasal infection. Mice were weighted and monitored daily over time. Mice were euthanized at day 2 after infection, and liver, spleen, and lung were harvested to determine the bacterial burden. The tissues were homogenized, serially diluted, plated onto BHI agar plates, and incubated overnight at 37°C. WT and Ifnar −/− mice were intranasally infected with 1.5 × 10 9 CFU of A. baumannii per mouse, and the disease scores of mice were monitored and recorded between 6 and 10 h after infection with following standard: 0, no abnormal clinical sign; 1, ruffled fur but lively; 2, ruffled fur, moving slowly, down, and sick; 3, ruffled fur, squeezed eye, hunched, hardly moving, and very sick; 4, moribund; and 5, dead.
Bacterial infection of BMDMs and iBMDMs
Bone marrow cells (BM) from WT and knock out mice were cultured in L929 cell conditioned DMEM supplemented with 10% PBS, 1% non-essential amino acids, and 1% penicillin-streptomycin for 5 days to generate BMDMs. Immortalized BM-derived cells (iBMDMs) from WT, Il1a −/− , and Il1b −/− mice were used for infection. Cells were seeded in 12-well plates (1 million cells per well) and incubated overnight. The next day, cells were washed and supplied with fresh media without antibiotics. Cells were infected with A. baumannii for the indicated times. Cells were lysed in radioimmunoprecipitation assay buffer with protease and phosphatase inhibitors (Biotool) for immunoblot analysis.
Preparation of lung sample for HE staining
The superior lobes of the right lungs were fixed in 10% formalin, and 5-mm sections were stained with hematoxylin and eosin and examined.
Immunoblot analysis and antibodies
Samples were separated by 12% SDS-PAGE and followed by electrophoretic transfer to polyvinylidene fluoride membranes, membranes were blocked and incubated with primary antibodies as described previously [20] . The following primary antibodies were used: anti-caspase-1 (AG-20B-0042; Adipogen), anti-LC3B (NB600-1384; Novus Biologicals), anti-caspase-3 (9661s; Cell Signaling Technology), anti-TFEB (A303-673A; Bethyl Laboratories, Inc.), anti-pMLKL (ab196436; abcam), anti-MLKL (ap14272b; abcam), and anti-GAPDH (5174s; Cell Signaling Technology). The secondary antibodies used were HRP-labeled anti-rabbit or anti-mouse antibodies (Cell Signaling Technology).
ChIP analysis
H3K27ac antibody (ab4729) and H3K4me3 antibody (ab8580) were purchased from abcam. ChIP experiments were carried out by using an EZ ChIP Kit (Millipore, Temecula, CA) as described previously [51] . Briefly, five million cells from each group were cross-linked with 1% formaldehyde, lysed, and sonicated by using Bioruptor Soniction System (UCD-200) to reduce DNA length to an average of 200-700 bp. Sonicated chromatin (supernatant) was diluted in dilution buffer (1:10), and pre-cleared with Protein A Beads at 4°C for 1 h. Pre-cleared chromatin was incubated with 4 µg of appropriate antibody or IgG control at 4°C for 12 h. Antibody/chromatin complex was captured by using Protein A beads followed by washing, elution, reverse crosslinking, and DNA isolation. Immunoprecipitated DNA was amplified by qPCR using the primers listed in Table S1 .
siRNA transfection siRNA oligos target to Hat1 (EMU036281), Kat2b (EMU092291), and P300 (EMU078861), and negative control (SIC001; Sigma) were ordered from Sigma. siRNA oligos were transfected into primary BMDMs using Lipofectamine 3000 (Invitrogen) following manufacturer's instructions.
Inhibitor treatment
Caspase inhibitor (Z-VAD (OMe)-FMK), caspase-1 inhibitor (Ac-YVAD-CMK), RIPK1 inhibitor (Necrostatin-1), RIPK3 inhibitor (GSKʹ872), and MLKL inhibitor (GW806742X) were purchased from MERCK and used for blocking cell death pathway. BMDMs were infected with A. baumannii in the presence or absence of various inhibitors for the indicated times.
LDH release assay
Cell culture supernatants were collected at the indicated times, and LDH activity was measured by using the Promega cytotoxicity kit according to the manufacturer's protocols.
ELISA
Cell culture supernatant was analyzed for cytokine release using ELISA kit (BioLegend ELISA MAX standard Billerica, MA) following the manufacturer's instructions.
Real-time quantitative PCR
Total RNA was isolated from BMDMs or liver and lung tissues using TRIzol (Invitrogen). cDNA was reverse transcribed by using M-MLV reverse transcriptase (Promega, Madison, USA). Real-time quantitative PCR was performed on the Bio-Rad CFX-96 Real-Time System. Primer sequences are listed in Table S1 .
Statistical analysis
Data are given as mean ± s.e.m. Statistical analysis was performed using two-tailed Student's t-test, and log-rank tests. P-values ≤ 0.05 was considered significant.
